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SOFT BUFFER MEMORY CONFIGURATION
IN A COMMUNICATION SYSTEM

This application claims the benefit of U.S. Provisional

Application No. 61/038,988 entitled “Soit .

Butter Memory
Configuration in a Communication System,” filed on Mar. 24,

2008, which 1s incorporated herein by reference.

TECHNICAL FIELD

The present invention 1s directed, 1n general, to communi-
cation systems and, more particularly, to an apparatus, sys-
tem, and method to allocate a soit buffer memory between
hybrid automatic retransmit request and multiple input/mul-
tiple output processes 1n a wireless communication system.

BACKGROUND

As wireless communication systems such as cellular tele-
phone, satellite, and microwave communication systems
become widely deployed and continue to attract a growing,
number of users, there 1s a pressing need to accommodate a
large and variable number of communication devices trans-
mitting a growing volume of data over wide cellular areas
with fixed resources. Traditional communication system
designs have become challenged to provide reliable commu-
nication over a reasonably wide geographical area in view of
the general need to limit transmitter power and bandwidth for
the rapidly growing customer base and expanding levels of
service.

The Third Generation Partnership Project Long Term Evo-
lution (*“3GPP LTE”) project 1s the name generally used to
describe an ongoing etlort across the industry to improve the
universal mobile telecommunications system (“UMTS”) for
mobile communication to cope with continuing new require-
ments and the growing base of users. The goals o this broadly
based project include improving communication efficiency,
lowering costs, improving services, making use of new spec-
trum opportunities, and achieving better integration with
other open standards. The 3GPP LTE project 1s not by itself a
standard-generating effort, but will result 1n new recommen-
dations for standards for the UMTS.

In wireless communication systems such as 3GPP LTE
cellular communication systems, 1t 1s necessary to store data
associated with one or more received messages in so-called
soit buller memory that stores the so-called soit information
assoclated with received bits, which 1s also referred to as soft
bits. The soft information for a recerved bit contains not only
the most likely value of the bit, but also a measure of its
reliability (e.g., an estimate of the received signal energy
relative to a noise level). The term “soit information” or “soft
bit” generally refers to not making a hard decision about the
value of a bit during demodulation and/or 1nput to a decoder,
which 1s also referred to as a soft decision. These measures of
reliability can be used to enhance decoding performance. For
example, a decoded received packet and 1ts supporting data
(1.e., soit bits) are generally stored 1n soft buifer memory to
accommodate combining the data with retransmitted data 1n
the event that a determination 1s made that the packet was
received 1n error for a previous transmission Or previous
retransmission. A hybrid automatic retransmit request
(“HARQ”) signal requests that the data be retransmitted so
that retransmitted data can be combined 1n the recerver with
the originally received packet.

Multiple-input/multiple-output (“MIMQO”) refers to tech-
niques in wireless communications systems wherein multiple
transmit and recetve antennas in combination with detectors
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in a receiver provide time and spatial diversity and spatial
multiplexing for a signal reception process. These techniques

provide significant enhancements for signals that are ordi-
narily degraded due to fading (e.g., as a result of multiple
paths with unequal transit delays that may exist between a
transmitter and a recerver). Furthermore, MIMO allows mul-
tiplexing of data on different spatial streams, so called spatial
multiplexing, and thus allows 1n principle an increase in the
data rate n-fold 1f n antennas are deployed at both transmuitter
and receiver by transmitting n streams concurrently. These
concurrent streams are also called MIMO codewords.

The digital structures, particularly 1n a receiver, that enable
HARQ and MIMO processes and their supporting mecha-
nisms require a substantial amount of soft buifer memory for
temporary data storage, particularly 1n the higher-level cat-
egories of user equipment that are configured to support mul-
tiple concurrent transmission and reception activities. The
amount of soft bulfer memory that can be required can be
substantially greater than a megabyte. Thus, a practical need
arises 1n the design of a wireless transceiver such as a user
equipment (“UE”) to allocate soit bulfer memory between
HARQ and MIMO processes.

While 1t has been contemplated that HARQ memory be
partitioned unequally between HARQ processes, some pro-
ponents would prefer to provide an equal partition of HARQ)
memory. The detriment, however, 1s that equal partitioning of
memory offers no hardware advantage, but instead increases
UE cost by requiring more HARQ memory than 1s necessary.
The UE memory for HARQ can be quite large, and accord-
ingly substantially influences memory partitioning. It has
also been proposed to retain the ability to configure HARQ
memory per process, 1n addition to limited bulifer rate match-
ing (“LBRM”), 1n order to minimize UE memory require-
ments. Additionally, i1t 1s possible to split the soit bufler
memory asymmetrically per MIMO codeword (1.e., each
MIMO codeword would be associated with a HARQ Pro-
cess). It has also been noted that 1n view of the small coded
payloads associated with voice over internet protocol
(“VoIP”’) in comparison to internet protocol (“IP””) packets,
that non-equal memory for each HARQ process, independent
of the use of LBRM, might be used to minimize overall
memory requirements.

Considering the limitations and various conflicting system
design directions as described above, a system and method to
provide a practical allocation of soft buffer memory between
HARQ and MIMO processes 1s not presently available for the
wireless applications that lie ahead. Accordingly, what 1s
needed in the art 1s a communication system that operates
with a practical allocation of soft buil

er memory for HARQ
and MIMO processes 1n the operating environments that can
be anticipated to be encountered.

SUMMARY OF THE

INVENTION

These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
advantageous embodiments of the present invention, which
includes a wireless communication system (e.g., including a
wireless cellular communication network) configured to allo-
cate soft buffer memory between HARQ and MIMO pro-
CEeSSes.

In one embodiment, an apparatus (e.g., user equipment) of
the wireless communication system 1s configured to commu-
nicate data over a wireless channel with a total number of soft
channel bits and a number of configured hybrid automatic
retransmit request (“HARQ™) processes. The apparatus
includes a soft buffer memory, the partitioning of which 1s
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determined as a function of the total number of soft channel
bits and the number of configured HARQ processes. The
apparatus also includes a processor configured to select the
s1ze of a soft buffer memory partition to be substantially equal
to the total number of soft channel bits divided by the mini-
mum of the number of used HARQ) processes and a config-
ured maximum number of HARQ processes (“M,, .”"). In a
turther embodiment, the apparatus includes a transceiver with
multiple-input/multiple-output (“MIMO”) capability using
MIMO transport blocks, wherein each MIMO transport block
includes the same number of soft bits. In an embodiment, the
data are transmitted over the wireless channel taking the
selected s1ze of the soft buller memory partitions into account
during rate matching. This can be done by using an LBRM
scheme and taking the size of the soit butler memory partition
into account for the limitation of the rate-matching scheme. In
a further embodiment, the total number of soft channel bits 1s
split into fewer soit bulfer memory partitions than the maxi-
mum number of HARQ processes (1.e., fewer soit buller
memory partitions are provided than HARQ processes). For
multi-stream operation, the number of soit bufler memory
partitions may be multiplied by the number of parallel MIMO
streams. When such a smaller number of soit buffer memory
partitions 1s selected, data from an i1mitial transmission 1s
discarded 11 no soit bufler memory partition 1s available for
storage thereof at a certain point in time.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention 1n order that the
detailed description of the mvention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter. It should be appreci-
ated by those skilled 1n the art that the conception and specific
embodiment disclosed may be readily utilized as a basis for
modifying or designing other structures or processes for car-
rying out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereol, reference 1s now made to the
following descriptions taken 1n conjunction with the accom-
panying drawings, in which:

FIGS. 1 and 2 illustrate system level diagrams of a com-
munication system including a wireless communication sys-
tem that provides an environment for application of the prin-
ciples of the present invention;

FI1G. 3 illustrates a system level diagram of a communica-
tion element of a communication system that provides a struc-
ture for application of the principles of the present invention;

FI1G. 4 illustrates full and limited circular butier rate match-
ing in soit butfer memory in accordance with the principles of
the present invention;

FIG. S 1llustrates downlink physical layer parameter values
as set by user equipment category 1n accordance with the
principles of the present invention;

FIG. 6 1llustrates the maximum number of bits of an uplink
shared channel transport block transmitted within a transmait
timed interval as a function of user equipment category in
accordance with the principles of the present invention;

FIG. 7 illustrates the number of HARQ processes as a
function of periodicity and uplink/downlink allocation 1n
accordance with the principles of the present invention;
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FIG. 8 1illustrates minimum code rate as a function of a
number of HARQ processes 1n accordance with the principles

of the present invention;

FIG. 9 1llustrates graphs showing the probability that more
than a number of soit buffer memory partitions are occupied
in accordance with the principles of the present invention; and

FIG. 10 1llustrates a block diagram showing an exemplary
implementation of allocation of soit buffer memory to HAR(Q
processes 1n accordance with the principles of the present
invention.

L1l

DETAILED DESCRIPTION OF ILLUSTRATITV.
EMBODIMENTS

The making and using of the presently preferred embodi-
ments are discussed 1n detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied 1n a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the mvention.

The present mvention will be described with respect to
exemplary embodiments 1n a specific context of allocation of
soit buller memory between HARQ and MIMO processes 1n
a transceiver 1n a wireless communication system. In general,
the invention may be applied to any wireless communication
system such as a cellular or ad hoc wireless communication
network.

Referring mitially to FIG. 1, illustrated 1s a system level
diagram of a communication system including a wireless
communication system that provides an environment for the
application of the principles of the present invention.
Although the communication system illustrated mn FIG. 1
represents a cellular communication system, ad hoc wireless
communication systems, such as those described by IEEE
Standard 802.16, which 1s incorporated herein by reference,
provide another environment for the application of the prin-
ciples of the present invention. The wireless communication
system may be configured to provide evolved UMTS terres-
trial radio access network (“e-UTRAN”) umiversal mobile
telecommunications services. A mobile management entity
(“MME”)/system architecture evolution gateway (“SAE
GW?”) provides control functionality for an e-UTRAN node B
(designated “eNB,” an “evolved node B,” also referred to as a
“base station™) via an SI communication link. The base sta-
tions communicate via X2 communication links. The various
communication links are typically fiber, microwave, or other
high-frequency metallic communication paths such as
coaxial links, or combinations thereof.

The base stations communicate with user equipment,
which 1s typically a mobile transceiver carried by a user. Thus,
communication links (designated “Uu” communication
links) coupling the base stations to the user equipment are air
links employing a wireless communication signal such as, for
example, an orthogonal Ifrequency division multiplex
(“OFDM”) signal.

Turning now to FIG. 2, illustrated 1s a system level diagram
of a communication system including a wireless communi-
cation system that provides an environment for the applica-
tion of the principles of the present mvention. The wireless
communication system provides an e-UTRAN architecture
including base stations providing e-UTRAN user plane
(packet data convergence protocol/radio link control/media
access control/physical) and control plane (radio resource
control) protocol terminations towards user equipment. The
base stations are iterconnected with X2 interfaces or com-
munication links. The base stations are also connected by S1
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interfaces or communication links to an evolved packet core
(“EPC”) including a mobile management entity (“MME”)/
system architecture evolution gateway (“SAE GW”). The S1
interface supports a multiple entity relationship between the
mobile management entity/system architecture evolution
gateway and the base stations. For applications supporting
inter-public land mobile handover, inter-eNB active mode
mobility 1s supported by the mobile management entity/sys-
tem architecture evolution gateway relocation via the S1
interface.

The base stations may host functions such as radio resource
management (e.g., internet protocol (“IP”)) header compres-
sion and encryption of user data streams, ciphering of user
data streams, radio bearer control, radio admission control,
connection mobility control, dynamic allocation of resources
to user equipment 1n both the uplink and the downlink, selec-
tion ol a mobility management entity at the user equipment
attachment, routing of user plane data towards the user plane
entity, scheduling and transmission of paging messages
(originated from the mobility management entity), schedul-
ing and transmission ol broadcast information (originated
from the mobility management entity or operations and main-
tenance), and measurement and reporting configuration for
mobility and scheduling. The mobile management entity/
system architecture evolution gateway may host functions
such as distribution of paging messages to the base stations,
security control, termination of U-plane packets for paging
reasons, switching of U-plane for support of the user equip-
ment mobility, 1dle state mobility control, and system archi-
tecture evolution bearer control. The user equipment receives
an allocation of a group of information blocks from the base
stations.

Turning now to FIG. 3, illustrated 1s a system level diagram
of a communication element of a communication system that
provides a structure for application of the principles of the
present invention. The communication element or device may
represent, without limitation, a base station, user equipment
such as a terminal or mobile station, a network control ele-
ment, communication node, or the like. The communication
clement includes, at least, a processor, memory that stores
programs and data of a temporary or more permanent nature,
an antenna, and a radio frequency transceiver coupled to the
antenna and the processor for bidirectional wireless commu-
nication. The communication element may provide point-to-
point and/or point-to-multipoint communication services.

The communication element, such as a base station 1n a
cellular network, may be coupled to a communication net-
work element, such as a network control element of a public
switched telecommunication network (“PSTN”). The net-
work control element may, 1n turn, be formed with a proces-
sor, memory, and other electronic elements (not shown). The
network control element generally provides access to a tele-
communication network such as a PSTN. Access may be
provided using fiber optic, coaxial, twisted pair, microwave
communication, or similar link coupled to an appropriate
link-terminating element. A communication element formed
as a mobile station 1s generally a self-contained device
intended to be carried by an end user.

The processor 1n the communication element, which may
be implemented with one or a plurality of processing devices,
performs functions associated with 1ts operation including,
without limitation, encoding and decoding of individual bits
forming a communication message, formatting of informa-
tion, and overall control of the communication element,
including processes related to management of resources.
Exemplary functions related to management of resources

include, without limitation, hardware installation, traffic
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management, performance data analysis, tracking of end
users and equipment, configuration management, end user
administration, management of user equipment, management
of tariifs, subscriptions, and billing, and the like. The execu-
tion of all or portions of particular functions or processes
related to management of resources may be performed in
equipment separate from and/or coupled to the communica-
tion element, with the results of such functions or processes
communicated for execution to the communication element.
The processor of the communication element may be of any
type suitable to the local application environment, and may
include one or more of general-purpose computers, special
purpose computers, microprocessors, digital signal proces-
sors (“DSPs”), and processors based on a multi-core proces-
sor architecture, as non-limiting examples.

The transceiver of the communication element modulates
information onto a carrier waveform for transmission by the
communication element via the antenna to another commu-
nication element. The transcerver demodulates information
received via the antenna for further processing by other com-
munication elements.

The memory of the communication element, as introduced
above, may be of any type suitable to the local application
environment, and may be implemented using any suitable
volatile or nonvolatile data storage technology such as a semi-
conductor-based memory device, a magnetic memory device
and system, an optical memory device and system, fixed
memory, removable memory, and soit buifer memory. The
programs stored 1n the memory may include program instruc-
tions that, when executed by an associated processor, enable
the communication element to perform tasks as described
herein. Exemplary embodiments of the system, subsystems,
and modules as described herein may be implemented, at
least 1n part, by computer soltware executable by processors
of, for instance, the user equipment and the base station, or by
hardware, or by combinations thereof. As will become more
apparent, systems, subsystems and modules may be embod-
ied 1n the communication element as 1llustrated and described
above.

In recent contributions to the topic, LBRM algorithms and
soit butlfer memory sizes for LTE UEs have been addressed.
Additionally, full buifer rate matching (“FBRM”) may be
performed with single-stage rate matching as specified in
3GPP TS 36.212, “3rd Generation Partnership Project; Tech-
nical Specification Group Radio Access Network; Evolved
Universal Terrestrial Radio Access (E-UTRA); Multiplexing
and channel coding (Release 8),” V8.0.0, September 2007,
which 1s incorporated herein by reference, and limited buiier
rate matching (“LBRM”) may be performed with single-
stage rate matching based on the 3GPP specification 36.212
V8.2.0, March 2008, with the exceptions that storage require-
ments are reduced by enforcing an earlier wrap-around of the
virtual circular buifer, wherein a wrap-around point would be
calculated based on the available soit butfer memory size, and
redundancy version locations are “compressed’ to ensure that
all redundancy versions (“RVs”) are located prior to the wrap-
around point. Full and limited circular builer rate matching
are 1llustrated 1n FI1G. 4, wherein full buller rate matching 1s
illustrated in the top portion of the FIGURE, and limited
buifer rate matching achieved through early wrap-around
with RV positions re-defined are illustrated in the bottom
portion of the FIGURE.

As further contemplated, downlink physical layer param-
cter values are set by UE category as illustrated in FI1G. 5. The
UE category in 3GPP systems, which 1s typically a number
from one to s1x, generally refers to a level of capability of the

UE, for example, the maximum number of MIMO streams
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and the maximum number of resource blocks that can be
supported, HARQ soft bufifer memory size, and peak data
rate. FIG. 5 illustrates the maximum number of downlink
shared channel (“*DL-SCH”) transport block bits received
within a transmission time interval (“T'TT”), the maximum
number of bits of a DL-SCH transport block received within
a TT1, the total number of soft channel bits, and the maximum
number of supported layers for spatial multiplexing in the
downlink (“DL”), 1.e., the maximum number of MIMO
streams as a function of UE category. As 1llustrated in FIG. 5,
a substantial number of soft channel bits, often well 1n excess
of 10° soft channel bits, can be required for the various cat-
egories of UE, since each sott bit typically requires storage of
at least several additional bits to also store the associated
reliability of the recerved bit. Accordingly, this may require
substantially more than a megabyte of memory. As illustrated
in FIG. 6, the maximum number of bits of an uplink shared
channel (“UL-SCH”) transport block transmitted within a
TTTI 1s 1llustrated as a function of UE category. Thus, despite
the foregoing, 1t 1s not known and it 1s not settled how to
practically distribute soft bufler memory between HARQ
processes and MIMO streams for the more challenging wire-
less applications that lie ahead. Additionally, the default soft
buffer memory split may be defined by LTE specifications,
irrespective of possibly providing an option to reconfigure the
soit buttfer memory split per HARQ process. This 1s particu-
larly useful because 1t can advantageously allow communi-
cation effectively to be started before explicitly reconfiguring
the soit buffer memory split per HARQ) process.

A default allocation of soit buifer memory to HARQ pro-
cesses 1s now introduced that can be summarized as set forth
below. The soft buffer memory size for a transport block, N,
1s applicable to both frequency division duplex (“FDD™’) and
time division duplex (“TDD”) modes. It should be noted that
according to present LTE specifications, the number of
HARQ processes that need to be run concurrently 1n order to
achieve a maximum data rate for FDD 1s eight times the
number of spatial streams. The reason for this 1s that there 1s
a typical round-trip delay of eight T'T1s. The round-trip delay
1s measured from transmission of a packet, including 1its
detection, and transmission of a receipt acknowledgement or
non-acknowledgement for a retransmission of the packet, the
detection of this acknowledgement or non-acknowledge-
ment, and the time that 1s needed until a retransmission can be
done. For TDD, the round-trip delay depends on the particular
DL/UL resource allocation, and can be as high as fifteen
because, due to the nature of TDD, 1t 1s not always possible to
immediately send an acknowledgement or a retransmission.
Such a transmission can be made only when a compatible DL
or UL transmission opportunity occurs. Each HARQ process
1s allocated the same number of soft bits. If MIMO 1s config-
ured for a UE, each MIMO transport block 1s allocated the
same number of soft bits. The following two parameters
describe soft buller memory usage. The total number of soft
channel bits, N, 1s defined separately for each UE category
and denoted 1n the tollowing by the symbol N ;. The soft
buffer memory size, N, 1s preferably as signaled per trans-
port block to the rate matching algorithm 1n order to properly
configure the LBRM.

The default linkage between the parameters for soft chan-
nel bits N__ . and soft bufter memory size N, 1s specified as
indicated below by equation (1) to ensure that both a base
station or eNB and a UE compatibly configure their rate-
matching encoding and decoding engines. The following
linkage between the parameters for sott channel bits N, and
soit bulfer memory size N,,, represented below by equation
(1), 1s introduced for a UE, and also for a base station. For
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TDD terminals with category 3, 4 or 5 defined 1n 3GPP TS
36.306 (or, 1n general, whenever the defined total soit butfer
memory bits are relatively small compared to the defined
number of HARQ processes), the Number_ol_process-
es_to_use HARQ 1s preferably selected to lie between eight
and twelve. A preferred setting for this parameter 1s nine as

discussed further hereinbelow. The available total soft butier
memory size, the number of MIMO streams, and the round-

trip delay determine the proper choice of maximum number
of HARQ processes M,, ... Another preferred setting 1s eight,
because 1n this case the maximum used code rate would be the
same for FDD and TDD, which can simplify implementation,
and which also can increase commonalities between FDD

and TDD.
The default linkage between the parameters for soit chan-
nel bits N, and soft butter memory size N, 1s specified as

indicated below by equation (1).

Ns::-'fr (1)

Nip = | —
(K prgo - Mpr, Haros Miimis)

K., mso 18 the maximum number of transport blocks that
may be transmitted to a UE 1n one TTI. The value two 1s used
il spatial multiplexing with two spatial streams 1s configured
tor a UE, four 1f spatial multiplexing with four spatial streams
1s configured for a UE, or, in general, n 11 spatial multiplexing
with n spatial streams 1s configured for a UE. Otherwise, the
value one 1s used. This information 1s provided to the UE via
higher layer signaling, as described i 3GPP TS 36.213,
entitled “E-UTRA Physical Layer Procedures,” Section 7.1,
V.8.2.0, which 1s incorporated herein by reference.

Mp; maro 18 the maximum number of DL HARQ pro-
cesses. The value eight 1s used for FDD. The values 4, 7, 10,
6, 9, 12, 15 are used for TDD depending on the DL/UL
resource allocation. The data illustrated 1n FIG. 7 provides in
the rightmost column the number of HARQ processes as a
function of periodicity and uplink/downlink allocation. The
maximum number of HARQ processes M,, . 1s a constant
equal to 18 1n this example, but other values can be chosen as
well.

The following further options relate to equation (1) for the
case where MIMO 1s not used, 1.e., for the case when
K, o=1.As afirst option, the same value can be used for the
maximum number of HARQ processes M, .. (e.g.,
M,. .=18) both for the dual MIMO stream case and for the
single stream case. Effectively, however, then for the single
stream case the same result will occur as for the setting for the
maximum number of HARQ processes M,. . =15 due to the
minimum operation. This occurs because My, 420<15,
1.€., there 1s no overbooking of the soft bufier memory parti-
tions for each HARQ process for the non-MIMO case,
because at most 15 HARQ processes can be active. Accord-
ingly, Mp; 77420 My, 80 under these assumptions there 1s
never a limitation due to overbooking for the single-stream
case.

As an option, half the value can be used for the maximum
number of HARQ processes M,, .. 1.e., M, =9 1nthe single
stream case and M,, =18 in the dual stream case. In this
option there i1s the advantage that a simplification of the
formula 1s possible, since the maximum number of transport
blocks that may be transmitted to a user equipment K, ., .
can be removed from the minimum function as shown 1n
equation (2) below. In this case the same value of the maxi-
mum number of HARQ processes M, .. can be used for both

CasChs.

limir
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N s0ft (2)

Nigp = -
Ko -munlMp; paros Miimiz)

In this option, there 1s the same probability of insufficient
memory 1f the acknowledgment/negative acknowledgment
(“ACK/NACK”) probability 1s always correlated for MIMO
streams. This may be well the case because both streams are
transmitted at the same time, in the same TT1, and therefore
are generally affected by the same interference. Both will
sulfer from a bad detection e.g., iI a sudden interference
occurs. The lowest code rate 1n this case for a single stream 1s
0.375, which 1s a reasonably low code rate.

As another option, individual values can be assigned for the
maximum number of HARQ processes M, ..e.g.. M, =12
for K, »,»o=1, and M, =18 for K, .., ,,=2. The advantage
here 1s that the settings can be independently fine tuned for
both cases. For example, roughly the same probability of
isuificient memory can be set also 1n the case where the
ACK/NACK probability 1s uncorrelated or at least 1s not fully
correlated for MIMO streams. A medium code rate can be
used for a single stream.

Several further comments and remarks can be made
regarding the linkage between the parameters for soft channel
bits N, and soft bufter memory size N, represented by
equation (1). UE categories 3, 4, and 5 are mainly considered,
although the results also apply to UE categories 1 and 2 with
the minimum coding rate scaled to V4. An agreed value for the
soft channel bits N, ; as described in 3GPP TS 36.306,
“Bvolved Universal Terrestrial Radio Access (E-UTRA);

User Equipment (UE) Radio Access Capabilities,” V8.2.0,
which 1s incorporated herein by reference, was chosen such
that all received bits fit 1n the UE soit bulfer memory at peak
data rate on each HARQ process, and when the Number_
of_processes_to_use_ HARQ 1s eight, as long as the mini-
mum coding rate cr=2/4. Equation (1) above conforms to this
agreement. Also, when the data rate 1s lower than peak, or
when the maximum number of HARQ processes 1s lower than
eight (for TDD) then 1t 1s possible, gradually, to {it all recerved
bits 1nto the soft bulfer memory at lower minimum coding,
rates, leading to incremental redundancy (“IR”) or HARQ
performance (“IR,” soft buffer memory) improvements.

Additionally, when the number of HARQ processes
exceeds eight, an attempt to fit all recerved bits 1nto the soft
butter memory (it M,,,,,~Mp; 5 .zo) gradually increases the
mimmum coding rate (“cr”), eventually leading to cr=(343)-15/
8=1.25 1n the case of 15 HARQ processes at peak data rate.
Clearly, a coding rate greater than unity 1s not feasible, which
shows that the prior art cannot achieve the maximum data rate
in such a case. In an embodiment, by introducing the constant
for the maximum number of HARQ processes M,, .. the
minimum coding rate cr 1s guaranteed not to exceed cr=0.75.
Although in the worst case, not all recerved bits can fit 1n the
soit buller memory for all HARQ processes at this coding
rate, this 1s acceptable given the very low probability of all 15
HARQ processes resulting 1n a NACK, and the benefit of a
common memory setting for both FDD and TDD.

The agreed soft buffer memory sizes are dimensioned to fit

the received bits at the minimum coding rate of 15 for UE
categories 1 and 2. For UE categories 3, 4 and 5, all recerved
bits fit into the soft bulfer memory at the minimum coding rate
ol 2/ 1n the worst case, corresponding to the largest transport
block set size. In this analysis, the focus 1s on the more critical

case of categories 3, 4 and 5. Also, the focus 1s on the worst
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case scenario of the UE being scheduled the largest transport
block set size. This 1s also referred to as operating at the peak
data rate.

If the soft buffer memory size N, 1s set simply as:

N s0ft

Nig = ='
Kmmo - Mpr, HARo

1.€., not according to an embodiment, then the attainable
code rate increases with an increasing number of HARQ
processes, eventually exceeding one. This 1s illustrated in
FIG. 8. Clearly, with this setting 1t 1s not possible to obtain
peak data rates in the DL it My, 5,2, 18 equal to 12 or 15,
since rate matching will wrap-around before the end of a

systematic field, 1.e., 1t 1s not only not possible to transmit any
parity bits, but 1t 1s not even possible to transmit all the
systematic bits. Accordingly, 1t 1s not possible to transmait all
the data. Conversely, if My, ,20,<8, then a coding rate
below 24 can be obtained.

On the other hand, some pragmatism 1s needed when talk-
ing about soit buffer memory occupancy at peak data rates.
Namely, the soft buifer memory and IR are required only it
the first HARQ attempt fails. If this 1s a frequent occurrence,
then essentially the link 1s not operated at the peak rate. In
other words, strictly speaking at peak data rate, there 1s no
need for the soft buifer memory.

Of course, 1n practice, some first transmissions will fail and
the energy 1s preserved 1n the soft buller memory. However,
under reasonable operating conditions, the chance that a large
number of transport blocks will fail 1s very low. Thus 1s 1llus-
trated n FIG. 9 for My, , zoequaltol2and 15, andK, /0
equal to 2. FIG. 9 illustrates graphs showing the probabaility
that more than “X” soft buller memory partitions are occu-
pied, 1.e., the probability that a NACK 1s generated for more
than X transport blocks. A probability of a NACK equal to 0.4
was assumed 1n constructing the FIGURE. Assuming, then, a
NACK probability as high as 0.4, the likelihood that more
than 18 transport blocks (out of 24 and 30, respectively) result
in a NACK 1s less than one percent. Given these findings, 1t 1s
reasonable to overbook the soit bulfer memory by setting the
solt buller memory size N,, according to equation (1),
enabling 1dentical peak data rates for both FDD and TDD
communication modes and simple implementation. Accord-
ing to this analysis the loss of throughput can be expected to
be less than one percent, which 1s easily tolerable, and would
be typically less than the gain that 1s possible by using a lower
coding rate. Basically there 1s a tradeoll in selecting the
maximum number of HARQ processes M, ... If the maxi-
mum number of HARQ processes M, . 1s selected too low,
then only a few soft butler partitions will be configured, and
there 1s higher risk that soit buifer memory 1s not available for
a HARQ process. This will impact performance 11 1t happens
too often. However, if 1t 1s selected too high, then at least for
high data rates the achievable coding rate 1s high, and this also
impacts performance, particularly for retransmissions
because less IR gain 1s possible. Thus, the value of the maxi-
mum number of HARQ processes M., .. should be suitably
selected. Since the optimum selection also depends on other
parameters such as the NACK probability and the coding gain
of the specific decoder, 1t 1s a pragmatic solution to choose a
medium value for M, that will not necessarily be optimum
in each case, but which performs reasonably well.

In a further embodiment, the value of the maximum num-
ber of HARQ processes M,. .. 1s selected depending on an
operating condition, e.g., the base station selects this param-
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cter with appropriate signaling. Then a preferred value can be
selected for a given operating scenario. In a further embodi-
ment, several values of the maximum number of HARQ pro-
cesses M, are selected depending on the value of the maxi-
mum number of transport blocks that may be transmaitted to a
user equipment K, 7, /.

Turning now to FI1G. 10, 1llustrate 1s a block diagram show-
ing an exemplary implementation of allocation of soft buifer
memory to HARQ processes 1n accordance with the prin-
ciples of the present invention. It 1s a particular advantage of
the invention to allow easy memory managementina UE and,
in particular, not require advanced dynamic memory manage-
ment. Advanced dynamic memory management may be per-
formed 1n sophisticated operating systems, but 1s typically not
readily available in embedded computing devices that are
typically used for data processing in terminals because com-
plexity and cost 1s a major concern for such communication
clements.

Soit butfer memory 1s 1llustrated in the upper right portion
of the FIGURE. This soft bulfer memory 1s partitioned into a
number of partitions to be used by HARQ processes. This
partitioning 1s shown via the dashed lines. For sitmplicity, only
four partitions are shown in the FIGURE. On the left-hand
side 1s an 1ndex table that stores the association between
HARQ processes and soft buffer memory partitions. In the
example, s1x HARQ processes are assumed, and the process
numbers are shown in the left-hand column of the table. In the
right-hand column, an index into the soft buffer memory
partition 1s stored. For example, the first HARQ process in the
FIGURE uses the first buffer memory partition, 1.¢., data from
a previous transmission for this HARQ process are stored 1n
the first bulfer memory partition. Stmilarly, HARQ processes
number 3 and 4 use soit bulfer memory partitions 3 and 2
respectively. This 1s 1llustrated by the pointers that point to the
respective soit buller memory partition. I there 1s a retrans-
mission of data for any of these HARQ processes, then these
data can be combined with the data stored in the respective
soit buller memory partition. The other processes, 1.€., pro-
cesses 2, 5, and 6, have not stored any data 1n the soit buifer
memory, either because they have not yet recerved data, or
because 1t was possible to decode the data sent for these
processes the last time, 1n which case there 1s no need to store
any more soft bits 1n the soit buller memory. Instead, the
decoded packet 1s forwarded to higher layers. This 1s indi-
cated by the dashes “-”” 1n the corresponding right-hand col-
umn of these rows.

FI1G. 10 also 1llustrates the case where another process has
to store data because decoding failed. In this example, 1t 1s
assumed that process 6 needs to store data. In this case a free
solt memory partition, 1n this case soit buifer memory parti-
tion 4, 1s associated with that process as indicated by the
dashed entry “4” 1n the last row of the index table and 1llus-
trated by the dashed pointer.

If yet another process needs to store data 1n the soit butler
memory, €.g., process 2, 1t 1s determined that no soft butler
memory portion 1s Iree and the soft data 1s accordingly dis-
carded. However, as soon as a process decodes a retransmis-
s10n, the corresponding soit buifer memory becomes avail-
able and 1s no longer associated with a process. This 1s marked
by a *“- 1n the table. Subsequently, that butler 1s available for
any process to store data.

It will be apparent that an implementation according to
FIG. 10 1s only an example and various other implementa-
tions can be designed within the broad scope of the present
invention. In particular, a table can be formed that 1s substan-
tially the inverse of the table illustrated in the FIGURE, 1.¢., a
table that stores for each soit butfer memory partition whether
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it 1s available or 1s associated with a process, and, 1n the latter
case, also includes the process number.

Thus, an apparatus, system, computer program, and related
method to allocate soit bufler memory between HARQ and
MIMO processes 1n a wireless communication system have
been introduced. In an embodiment, an apparatus such as a
user equipment 1ncludes a soft buffer memory that can be
formed 1nto several partitions, and a processor coupled to the
soit bulfer memory. The apparatus communicates with a base
station over a wireless channel using a number of soit buffer
memory partitions that are selected according to an embodi-
ment, and a number of HARQ processes. The processor
selects the number of soft butler memory partitions to be used
tfor HARQ) processes to be used to communicate with the base
station. In an embodiment, the processor selects the size of the
soit bulfer memory partitions to be substantially equal to the
total number of soft channel bits divided by the minimum of
the number of used HARQ processes and the number of
HARQ processes. In a further embodiment, the processor
selects a soit butler memory partition size substantially equal
to the smallest integer at least as great as the total number of
soit channel bits divided by the minimum of the number of
used HARQ processes and the number of configured HARQ
processes. In an embodiment, the processor selects the soft
buffer memory partition size for both frequency division
duplex and time division duplex communication modes. In an
embodiment, the processor allocates the same number of soft
bits to eachused HARQ) process. In a further embodiment, the
processor allocates the same number of soft bits to each
configured HARQ process. In another embodiment, the appa-
ratus includes a transcerver with MIMO capability using
MIMO transport blocks, wherein each MIMO transport block

includes the same number of soft bits.

It should be noted further that embodiments have been
described herein primarily from the perspective of a receiving
station, 1n particular, a recerving terminal. However, 1t will be
apparent to those well skilled 1n the art that the invention 1s
also applicable to a transmitting station. Both transmitting
and receiving stations have to set the parameter soft butfer
memory size N, 1n a compatible way in order to allow data to
be sent and correctly received. If a transmitter and a receiver
do not select the same value, they will assume a different
wrap-around for the LBRM and incompatibly select redun-
dancy versions. This would likely cause severe performance
degradation, and may even render certain data transiers
impossible. Basically, a transmitter and a receiver should
mirror the other station’s behavior 1n their implementation to
assure satisfactory communication. Mirroring operations 1n
this sense 1ncludes, e.g., decoder and encoder, interleaving
and de-interleaving, modulation and demodulation, and rate
matching, 1.e., picking a subset of the data vs. associating the
transmitted subset of the data with the correct part of the total
data. Thus, a transmitter sets the soft butfer memory size N,
according to the present invention in order to allow optimum
usage of the available total soit buifer memory 1n the recetver.
It 1s also apparent that base stations and terminals, and even
intermediate stations such as relays that forward data, can
operate as recerving and transmitting stations, and can apply
the respective procedures of the present invention.

Also, although the present invention and 1its advantages
have been described 1n detail, 1t should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
invention. For example, many of the processes discussed
above can be implemented in different methodologies and
replaced by other processes, or a combination thereot, to
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allocate soit bulfer memory between HARQ and MIMO pro-
cesses 1n a wireless communication system as described
herein.

As described above, the exemplary embodiment provides

both a method and corresponding apparatus consisting of 53

various modules providing functionality for performing the
steps of the method. The modules may be implemented as
hardware (including an integrated circuit such as an applica-
tion specific mtegrated circuit), or may be implemented as
soltware or firmware for execution by a computer processor.
In particular, 1n the case of firmware or soitware, the exem-
plary embodiment can be provided as a computer program
product including a computer readable storage structure
embodying computer program code (1.e., software or firm-
ware) thereon for execution by the computer processor.
Moreover, the scope of the present application i1s not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition ol matter,
means, methods and steps described 1n the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein may be utilized according to the present invention.

We claim:

1. An apparatus, comprising:

a processor configured to determine a total number of soft
channel bits, a first number associated with hybrid auto-
matic retransmit request processes and a second number
associated with hybrid automatic retransmit request pro-
cesses; and

the processor further configured to select a size of a soft
builer memory partition based at least 1n part on the total
number of soft channel bits, the first number associated
with hybrid automatic retransmit request processes and
the second number associated with hybrid automatic
retransmit request processes;

wherein the first number associated with hybrid automatic
retransmit request processes comprises a maximum
number of downlink hybrid automatic retransmit
request processes and the second number associated
with hybrid automatic retransmit request processes
comprises a configured maximum number of hybrnd
automatic retransmit request processes; and

wherein the size of the soft bufler memory partition 1s
selected based at least 1n part on the following:

Nsaﬁ
Nigr =

Ko -mun(Mpy paros Mimir)

Wherein N, 1s the size of the soft buffer memory partition;

N,z 18 the total number of soft channel bits;

K70 18 the maximum number of transport blocks trans-
mittable to a user equipment in one transmission time
interval;

Mp; zraro 18 the maximum number ot downlink hybrid

automatic retransmit request processes; and
18 the configured maximum number of hybrid auto-
matic retransmit request processes.

2. The apparatus according to claim 1, wherein the total

number of soit channel bits 1s determined based at least 1n part
on a user equipment category, the first number associated

with hybrid automatic retransmait request processes 1s deter-
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mined based at least in part on duplex mode; the second
number associated with hybrid automatic retransmait request
processes 1s determined based at least 1n part on a number of
Multiple Input Multiple Output streams, round-trip delay,
and/or a maximum number of transport blocks transmittable
to a user equipment 1n one transmission time interval.

3. The apparatus according to claim 1, wherein said appa-
ratus 1s part of at least one of a base station and a user
equipment.

4. An apparatus, comprising:

a processor configured to determine a total number of soft

channel bits, a first number associated with hybrid auto-
matic retransmit request processes and a second number

associated with hybrid automatic retransmit request pro-
cesses; and

the processor further configured to select a size of a soft
buffer memory partition based at least 1n part on the total
number of soft channel bits, the first number associated
with hybrid automatic retransmit request processes and
the second number associated with hybrid automatic
retransmit request processes;

wherein the first number associated with hybrid automatic
retransmit request processes comprises a maximum
number of downlink hybrid automatic retransmit
request processes and the second number associated
with hybrid automatic retransmit request processes
comprises a configured maximum number of hybnd
automatic retransmit request processes; and

wherein the size of the soft buller memory partition 1s
selected based at least 1n part on the following:

N ﬁ‘
N!R — 52

min{K o - Mpr, Hargs Miimit)

Wherein N, 1s the size of the soit bulfer memory partition;
N

Y

o7 18 the total number of soft channel bits;

K/ ms0 18 the maximum number of transport blocks trans-
mittable to a user equipment 1n one transmission time
interval;

Mp; maro 18 the maximum number of downlink hybrid
automatic retransmit request processes; and

M, . 1s the configured maximum number of hybrid auto-

matic retransmit request processes.
5. A computer-executable method, comprising:

determining a total number of soft channel bits, a first
number associated with hybrid automatic retransmit
request processes and a second number associated with
hybrid automatic retransmit request processes; and

selecting a size of a soit bufler memory partition based at
least 1n part on the total number of soft channel bits, the
first number associated with hybrid automatic retransmat
request processes and the second number associated
with hybrid automatic retransmit request processes;

wherein the first number associated with hybrid automatic
retransmit request processes comprises a maximum
number of downlink hybrid automatic retransmit
request processes and the second number associated
with hybrid automatic retransmit request processes
comprises a configured maximum number of hybnd
automatic retransmit request processes; and

wherein the size of the soft buller memory partition 1s
selected based at least 1n part on the following:
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N soft

Nigp = :
Kymeo -miniMpr paro, Miimic)

Wherein N, 1s the si1ze of the soft bulfer memory partition;

N, 18 the total number of soft channel bits;

K, /0 18 the maximum number of transport blocks trans-
mittable to a user equipment in one transmission time
interval;

Mp; zraro 18 the maximum number ot downlink hybrid

automatic retransmit request processes; and

.18 the configured maximum number of hybrid auto-

matic retransmit request processes.

6. The computer-executable method according to claim 5,
wherein the total number of soft channel bits 1s determined
based at least 1n part on a user equipment category, the first
number associated with hybrid automatic retransmit request
processes 1s determined based at least 1n part on duplex mode;
the second number associated with hybrid automatic retrans-
mit request processes 1s determined based at least in part on a
number of Multiple Input Multiple Output streams, round-
trip delay, and/or a maximum number of transport blocks
transmittable to a user equipment 1n one transmission time
interval.

7. A computer program embodied on a non-transitory com-
puter-readable medium, the computer program configured to
control a processor to perform a method comprising:

determining a total number of soft channel bits, a first

number associated with hybrid automatic retransmuit
request processes and a second number associated with
hybrid automatic retransmit request processes; and
selecting a size of a soit bulfer memory partition based at
least 1n part on the total number of soft channel bits, the
first number associated with hybrid automatic retransmut
request processes and the second number associated

with hybrid automatic retransmait request processes;
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wherein the first number associated with hybrid automatic
retransmit request processes comprises a maximum
number of downlink hybrid automatic retransmit
request processes and the second number associated
with hybrid automatic retransmit request processes
comprises a configured maximum number of hybnd
automatic retransmit request processes; and

wherein the size of the soft buller memory partition 1s
selected based at least 1n part on the following:

N ﬁ‘
N];R — AT

Kymio -mun(Mpy parg, Mimir)

Wherein N, 1s the size of the soit bulfer memory partition;

N,z 18 the total number ot sott channel bits;

K ms0 18 the maximum number of transport blocks trans-
mittable to a user equipment 1n one transmission time
interval;

Mp; maro 18 the maximum number of downlink hybrid

automatic retransmit request processes; and

.18 the configured maximum number of hybrid auto-

matic retransmit request processes.

8. The computer program according to claim 7, wherein the
total number of soit channel bits 1s determined based at least
in part on a user equipment category, the first number asso-
ciated with hybnid automatic retransmit request processes 1s
determined based at least in part on duplex mode; the second
number associated with hybrid automatic retransmit request
processes 1s determined based at least 1n part on a number of
Multiple Input Multiple Output streams, round-trip delay,
and/or a maximum number of transport blocks transmittable

to a user equipment 1n one transmission time interval.
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